In Tunisia, polychaete studies are very rare (Fauvel 1924 a, b; Westheide 1972; Zibrowius 1970 Zibrowius , 1971 Cantone 1978; Ben Amor 1984; Zaâbi & Afli 2005) . The aim of this study was to update and fill in gaps in data of polychaetes of Tunisia. Samples were taken aboard the research vessel R/V Hannibal with a Van Veen grab (0.1 m²) and a core (0.009 m²). Nine sites located on the peninsula of Cap Bon on the NE coast of Tunisia, from Sidi Daoud to Ras Lahmer, were sampled in 2005 and 2006. A total of 5,920 individuals in 29 families and 88 species of polychaetes were identified. Twenty-nine species were newly recorded for Tunisia, including the ampharetid Isolda pulchella O.F. Müller, 1858 and the paraonid Aricidea cerrutii (Laubier, 1966). Diversity parameters were established. Abundance and species richness were higher in shallow waters dominated by Protodorvillea kefersteini (McIntosh, 1869) and Malacoceros fuliginosus (Claparède, 1868) than in deep waters where Aponuphis fauveli (Rioja, 1918) and Euclymene palermitana (Grube, 1840) dominated. Multivariate methods, including the Shannon diversity index, cluster analysis, and rank frequency analysis, were used to characterize the spatial structure and temporal variability of the different communities.
Introduction
There have been very few polychaete studies in Tunisia, with the most important being Fauvel (1924 a-b) , Zibrowius (1970 Zibrowius ( , 1971 , Westheide (1972) , Cantone (1978) and Bouderesque (1997) . Zghal & Ben Amor (1980) collected data on Tunisian polychaetes and listed 222 species. Later, Zghal & Azzouna (1982) added seven additional species. Subsequently, Zaâbi & Afli (2005) studied the distribution of polychaetes along the northeastern coast of the Tunis Gulf. Several taxonomic and ecological works have been undertaken on other Tunisian macrobenthic fauna. Azzouz (1971) described the benthic fauna of north and southeast Tunisia; Ben Alaya (1972) studied the fauna associated with Posidonia oceanica in the Gulf of Tunis; Zaouali & Baeten (1985) studied the macrobenthic community in Bibans lagoon; Ben Mustapha et al. (2003) documented sponges from Tunisian coasts; Ayari & Afli (2003) surveyed the macrobenthic fauna in Tunis Bay, and Mestiri et al. (2005) worked on ascidians collected from Zembra-Zembretta Island. However, there is an obvious lack of ecological studies of polychaetes. The objective of this paper is to characterize the structure and distribution of the polychaete fauna on the eastern coast of Tunisia. This paper is part of the research framework MORGEN (Modèle et Outils de Recherche sur les Gisements des Ecosystèmes coralligènes du Nord).
Materials and methods
Sampling and laboratory procedures. The study area at Sidi Daoud is situated in the NE Tunisian gulf and NW of Cap Bon, in a large bay with a width of 2 km and a depth of 1300 m (Fig. 1) . It is an important bay between Ras el Fartas and Cap Bon. The Sidi Daoud area has a Mediterranean climate characterized by irregular precipitation with an average annual rainfall of 500 mm (Ben Salem 2000) . The air temperature in Sidi Daoud's bay varies from 13 to 27°C (Ben Alaya 1972). According to Lubet & Azzouz (1969) , the bottom sediment type is influenced by geographical and hydrological conditions. The study site is a bay protected from the hydrodynamic conditions of the Mediterranean.
The polychaete fauna was sampled at nine sites ( Fig. 1) during summer, autumn, and spring from 2005 to 2006. Station depths varied from 2-60 m (Table 1) . Aboard the R/V Hannibal, a Van Veen grab (0.1m²) was used for the deep sites (1-3), and a cylindrical core for shallow sites (A-E and H). Samples were washed through a 1-mm-mesh sieve and fixed in 7% sea water formaldehyde for identification. In the laboratory, samples were rinsed in fresh water and preserved in 70% ethanol and the polychaetes were identified to species and counted. Polychaetes were identified using various guides, e.g., Fauvel (1923 Fauvel ( , 1927 and Fauchald (1977) , and other papers for specific-level identification.
An additional sediment sample (100 g) was also taken at each site to measure particle grain size. These samples were dried for 48 h at 60°C, and then washed through a 63-μm-mesh sieve in order to separate the small (silt + clay) fraction (Afli & Chenier 2002) . The remaining sediment was dried again at 60°C, and all samples were then sieved through an AFNOR succession series of meshes (2000, 1400, 630, 500, 250, 180, 125, 100, and 63µm) . The following granulometric fractions were observed: gravel (GR, >2 mm), very coarse sand (VCS, 2-1 mm), coarse sand (CS, 1-0.5 mm) medium sand (MS, 0.5-0.25 mm), fine sand (FS, 0.25-0.125), and silt + clay (>0.063 mm). Median grain size (Q 50 ) was determined for each sample and sediment types were characterized according to Chassé & Glémarec (1976) . Sediments in the study area were exclusively sandy, ranging from coarse to fine sand (Table 1, Fig. 2 ). Data analyses. An index was calculated for each sample for abundance of polychaetes (N), species richness (S), the Shannon-Weaver diversity index H´ (log 2 ) (Shannon & Weaver 1963 ) and Pielou's evenness J´ (Pielou 1966) . Rank-Frequency Diagrams (Frontier 1976) were proposed to study the community structure, based on two criteria: (1) the abundance of species and (2) the rank of species. RFD was originally applied to show temporal succession in a zooplankton community, but have since been used in spatio-temporal macrobenthic studies (Davoult 1992) .
The DIMO, DIversity MOdel proposed by Quinghong (1995) was used to represent species richness (log 2 S), Pielou's evenness, and the Shannon-Weaver diversity index (H´) in a two- dimensional space. The faunal composition of shallow-water and deep-water sites in different seasons was compared using the Jaccard index and cluster analysis based on the similarity between stations in different seasons using the software PRIMER v6 (Clarke & Gorley 2005) . A dendrogram was produced using Bray-Curtis similarity (Bray & Curtis 1957 ) and according to the following algorithm recommended by Lance & Williams (1967) : dh ij= 0.625 dh I + 0.625 dh j -β dij (with α = 0.625 and β = 0).
Results
Polychaetes collected in the peninsula of Cap Bon yielded a total of 5,920 individuals belonging to 88 species and 29 families (Appendix 1), of which 29 species (33 %) are new records for the Tunisian fauna. New records belong to four families, six genera, and 29 species. The new families are Paraonidae with six species [Aricidea assimilis (Tebble, 1959) ; A. cerrutii (Laubier, 1966) ; A. fragilis mediterranea Laubier & Ramos, 1974 ; Paradoneis armata Glémarec, 1966; P. harpagonea (Storck, 1967) , and P. lyra (Southern, 1914) The Dorvilleidae had the highest number of individuals in shallow water during autumn and spring, with 62% and 30%, respectively. In deep water, Maldanidae and Onuphidae were the most abundant in autumn with 17% and 15%, respectively, of the total abundance. In summer, the Onuphidae and Capitellidae were dominant with 21% and 17%, respectively, of the total abundance (Fig. 3) .
The number of polychaete species per site in different seasons ranged from 1 (site E) to 22 (site H). The maximum abundance of polychaetes was found at site C in autumn and spring (Table 2) , when the dorvilleid (Protodorvillea kefersteini) was dominant. Two distinct groups of species are shown by cluster analysis with each having an average similarity higher than 50% (Fig. 4) . The first group includes the all coastal sites in spring (Csp) and autumn (Ca), and the second group includes the deeper sites in summer (Dsu) and autumn (Da). The first group Ca-Csp is composed of three stations with a coarse sand bottom (A-C), two sites with medium sand (D-E) and one site with fine sand (H). This group is characterized by species such as P. kefersteini (1,030 m -2 in autumn) and Malacoceros fuliginosus (400 m -2 in spring). The second group consists of three deep sites with fine (sites 1-2) and medium sand (site 3). This group of sites had lower abundance and species richness (Table 3) , and was characterized by Aponuphis fauveli in summer and Euclymene palermitana in autumn. The rank/frequency diagrams show the spatial and temporal differences between communities and represent a powerful tool to study community structure and its evolution toward successional stages (1, 2, and 3), defined by Rhoads & Germano (1982) as a transition from a stressed community with opportunistic species to a healthy community. The diagrams for the deep sites (Fig. 5A ) from summer (Dsu) and autumn (Da) show a progressive straightening of the curves with a shift towards stage 3 corresponding to an equilibrium state (Frontier 1976 ) dominated by infaunal deposit-feeders Some of these species are tubiculous (e.g., the polychaete family Maldanidae) but many others are mobile and free-living (Rhoads & Germano 1982) . This change is marked by an increase in species richness and diversity (H′ = 3.53 and H′ = 4.07, Table 3 ). In shallow water sites (Fig. 5B) , the community in autumn showed a stage 1 succession characterized by a pioneering community with the opportunistic Protodorvillea kefersteini as the dominant species (1,090 individuals) and the lowest value of the Shannon index (H′ = 2.61, Table 3 ). In spring, the stage 1 continued with an increase in Shannon diversity (H′ = 3.05) and proliferation of other opportunistic polychaetes such as Malacoceros fuliginosus and Chaetozone gibber. These small opportunistic polychaetes are among one of the first macrofaunal component to colonize a new or newly disturbed bottom (Rhoads & Germano 1982) . The DIMO model (Quinghong 1995) representing the three indices S, H′, and J′ (Fig. 6 ) confirms the results of cluster analysis and distinguishes two groups (Ca-Csp and Da-Dsu) . This model illustrates the transition from the shallow coastal sites to the deeper sites which is accompanied by an increase of Shannon diversity and Pielou's evenness. In the sites belonging to the same group (coastal or deep sites), the seasonal variations were also marked by an increase in Shannon diversity and Pielou's evenness. 
Discussion
Comparison with polychaete fauna of Tunisia Cantone (1978) reported 73 species of polychaetes in the Tunisian gulf in three different intertidal and infralittoral environments: Posidonia rhizomes, Caulerpa, and sandy shore. The species richness encountered in Sidi Daoud is similar to the results of Ayari & Afli (2003) , who found 89 species of polychaetes in Tunis Bay. They defined three communities: (1) the heterogeneous sediments with higher species richness dominated by Glycera convoluta and Lumbrineris fragilis; (2) the muddy sediments characterized by a high abundance of Melinna palmata; and (3) the sandy sediments, limited to the harbor area of Rades, which was relatively poor faunistically and dominated by the capitellid Notomastus latericeus. Zaâbi & Afli (2005) studied the structure of polychaete assemblages along the northeastern coast of the Tunis Gulf. They listed 82 polychaetes species in three groups: (1) sandy and muddy sediments dominated by Chaetozone cf. setosa had the most species but the fewest individuals (58 species, 808 ind./m²); (2) the fine sand dominated by Aricidea jeffreysii and Nephtys caeca had fewer species but more individuals (45 species, 1833 ind./m²); and (3) the muddy sediments dominated by Melinna palmata had the fewest species and an intermediate number of individuals (19 species, 1240 ind./m²).
In the present paper, the distribution of polychaete families showed that tubiculous worms such as Aponuphis fauveli and Euclymene palermitana dominated the deeper sites with sandy substrates; in shallow sites, opportunistic polychaetes like Protodorvillea kefersteini and Malacoceros fuliginosus were abundant. The fine substrate is favorable for the settlement of tubiculous polychaetes as the main constituent for tube building in agglomerated sand. This is the case for carnivorous species that hide from predators in tubes such as the onuphid A. fauveli. Differences in species composition between the deep and shallow sites can be related to sediment characteristics, including their texture and organic matter content (Pérès 1961) . Simboura et al. (2000) also considered the type of substrate and the hydrodynamics as major factors controlling polychaete distribution in shallow waters. Numerous other authors have also insisted on the importance of bathymetric factors (Bellan 1964; Bhaud & Bouteiller-Bougnol 1980) .
The lowest values of species richness were found in shallow sites D-E in spring and autumn. These sites are situated in a small area of Sidi Daoud harbor in shallow water (Table 1) in front of an industrial discharge. The sediment is medium sand characterized by an abundance of gastropods shells and the absence of any type of vegetation. At the shallow sites, 70% of the total abundance was represented by four species: P. kefersteini, M. fuliginosus, Saccocirrus papillocercus, and Chaetozone gibber. We note the dominance of the opportunistic polychaete, M. fuliginosus (370 individuals in spring), which is considered an indicator of pollution (Bellan & Pérès 1970; RebzaniZahaf 1992) . In spite of high species richness (Table 3) , the shallow site group had the minimum values of Shannon diversity (H′ = 2.61 in autumn and H′ = 3.05 in spring, indicating moderate pollution (3< H′≤4) according to Simboura & Zenetos (2002) . The low diversity values at these sites testify to the dominance of a limited group of polychaete species with high abundance (RebzaniZahaf 1992) . The Pielou's evenness threshold (0.80≥J′>0.65) for macrobenthic communities according to Daget (1976) and Glémarec & Hily (1981) , strengthen this conclusion. These results are similar to those found by Zaâbi & Afli (2006) for a disturbed site (IB2) in the Sidi Daoud area. This is probably due to organic enrichment resulting from industrial discharges (Ben Charrada 1997).
Comparison with polychaete fauna of Mediterranean Sea
The analysis of polychaetes of Sidi Daoud shows that the area is diverse with 88 species, of which 29 species (33 %) are new records for the coasts of Tunisia. Four families are new for the Tunisian coasts: Paralacydoniidae, Paraonidae, Protodrillidae, and Saccocirridae. The paraonids are already well known from the Mediterranean Sea (Laubier & Ramos 1973) . The other new families (Paralacydoniidae, Protodrilidae, and Saccocirridae) were found in the Mediterranean Sea in Italy (Castelli et al. 1995) , Spain (Moreira et al. 2006) , and Algeria (Rebzani-Zahaf 1992), respectively. Some of the newly recorded species are common elsewhere in the Mediterranean Sea including species of Metasychis Light, 1991; Isolda O.F. Müller, 1858, and Parapionosyllis Fauvel, 1923 . The species M. gotoi (Izuka, 1902) has been found in Croatia (Gillet 1988) , in Italy (Castelli et al. 1995) , and in the Aegean Sea (Ergen et al. 2006) . The absence of some species in previous studies could be due to the Lessepsian migrant status of some species such as M. gotoi (Ergen et al. 2006) .
In a checklist of the Italian fauna the estimated number of polychaetes is 803 species (Castelli et al. 1995) . In a study of collections from the Aegean Sea and a literature review, Arvanitidis (2000) estimated that 592 polychaete species were present. More recently, Dauvin et al. (2006) recorded 641 Mediterranean species on the French coast including 1,700 km along the Mediterranean Sea. Zghal & Ben Amor (1980) collected data concerning Tunisian polychaetes species and listed 222 species. The last inventory of polychaetes from the Tunisian coast was made by Ben Amor (1984) with 379 polychaete species. The present work adds 29 new species for a new total of 408 polychaete species from 1,300 km of the Tunisian coastline. The ratio of species (S) to coast length (C) is good for Tunisia, with a value of S/C= 0.31, which falls between the ratios for France (0.38) and Italy (0.11). The Tunisian coast is at the limit of the Western Mediterranean (884 polychaetes species) and the Central Mediterranean (528 polychaetes species) (Arvanitidis et al. 2002) . The polychaete fauna of Tunisia includes 46% of the West Mediterranean species and 77% of the Central Mediterranean species. APPENDIX 1. List of species found in Sidi Daoud (northeast coast of Tunisia). 
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